The catalytic mechanism of Drosophila alcohol dehydrogenase: evidence for a proton relay modulated by the coupled ionization of the active site Lysine/Tyrosine pair and a NAD+ ribose OH switch.
The ionization properties of the active site residues in Drosophila lebanonensis alcohol dehydrogenase (DADH) were investigated theoretically by using an approach developed to account for multiple locations of the hydrogen atoms of the titratable and polar groups. The electrostatic calculations show that (a) the protonation/deprotonation transition of the binary complex of DADH is related to the coupled ionization of Tyr151 and Lys155 in the active site and (b) the pH dependence of the proton abstraction is correlated with a reorganization of the hydrogen bond network in the active site. On this basis, a proton relay mechanism for substrate dehydrogenation is proposed in which the O2' ribose hydroxyl group from the coenzyme has a key role and acts as a switch. The proton relay chain includes the active site catalytic residues, as well as a chain of eight water molecules that connects the active site with the bulk solvent.